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The draft genome sequences from two subspecies
of rice are powerful new tools for gene discovery in
the grasses. Genome-wide comparisons of gene
content and order will also shed new light on evolu-
tionary processes.
Although completion of the heavily anticipated human
genome sequence project will provide information
needed to combat inherited maladies, the recent com-
pletion of two sequences of the rice genome [1,2] may
be a far greater gift to humanity. After all, as the Byzan-
tine proverb states, “he who has bread has many prob-
lems, he who has no bread has only one problem”.
Because of the importance of rice and its status as a
model for all grasses, these sequences will provide a
basis for future genetic improvement of all the cereal
grains, our most important food resource. Beyond the
obvious agricultural benefit, these sequences may
also provide unparalleled views of the processes
operating on DNA sequences that change the function
and organization of genes, leading to the formation of
new species.
The two rice sequences are from subspecies that
represent the major cultivated gene pools of rice,
Oryza sativa L. ssp. indica and O. sativa ssp. japonica.
The indica type is primarily grown in China, and the
Beijing Genomics Institute (BGI) determined its
sequence [1]. The japonica subspecies is preferred in
Japan, and Syngenta AG’s Torrey Mesa Research
Institute (TMRI) determined its sequence [2]. These are
both draft sequences, produced by randomly sequenc-
ing small genomic bits and relying on multiple, offset
sequences to assemble the larger pieces.
From a functional standpoint, while each draft
should contain nearly all the genes in rice, many of the
sequences identified as genes are only predicted on
the basis of different gene detection algorithms. It will
take a long time to validate the expression of the puta-
tive genes biologically and take full advantage of
these efforts. Structurally, both drafts cover the major-
ity of the rice genome, but many of the intergenic
regions are missing. Consequently, each draft resem-
bles a puzzle with tens of thousands of pieces on the
table, but only a few joined to start to form a picture of
the twelve rice chromosomes.
Even in a draft state, however, these sequences
provide enormous agricultural benefits. Rice is a
crucial staple for much of the world’s population, and
rice is also the compact key to other grass genomes
[3]. The main differences between rice and maize,
wheat, barley and so on are that, while the same
genes are found in each species, they are in different
arrangements, amid various amounts of species-spe-
cific ‘junk’ DNA. The compactness of the rice genome,
coupled with a known sequence, will make identifica-
tion of important genes easier. In addition, the rice
sequence provides a means for directing searches in
other grasses to the genes in a particular chromoso-
mal region. The TMRI group [2] has already demon-
strated the power of a focused search approach to
define candidates for a subset of agronomically impor-
tant traits mapped in maize.
Use of the comparative method to glean and trans-
fer information is of course not limited to the grasses.
The intense molecular genetic characterization of Ara-
bidopsis thaliana should also benefit rice research, at
least where pathways and processes are conserved.
The availability of the completed Arabidopsis genomic
sequence [4] also enables genome-wide evolutionary
comparisons of rice and Arabidopsis. These compar-
isons first require gene identification in rice. Using a
variety of gene-calling programs, parameters and con-
fidence levels, the BGI group [1] estimate that their
sequence contains 46,022–55,615 genes, and the TMRI
group [2] conclude that rice has 32,000–50,000 genes.
Either estimate suggests that rice has more genes than
any other sequenced organism, including humans.
When the set of 25,498 genes similarly identified in
the Arabidopsis genome sequence was compared to
rice, the TMRI group [2] found that 85% of Arabidop-
sis genes had a match (homolog) in rice, with a mean
identity of 49% at the protein level; the BGI group [1]
found that 81% of Arabidopsis genes had a homolog
in their rice gene set, with a mean identity of 60% at
the protein level. When the two groups attempted to
classify the functions of the rice genes — for example,
disease resistance, metabolism, structural proteins
and so on — they both found all of the important cat-
egories previously found in Arabidopsis. The BGI
group [1] found the functional groups in approximately
the same ratios, and the TMRI group [2] showed that
the two species have a similar number of gene fami-
lies (about 15,000). Taken together, this indicates that
Arabidopsis and rice share a large set of genes that
most likely carry out similar functions.
Arabidopsis and rice are markedly different, however,
a fact which must ultimately be reflected in their genes.
When the BGI gene set was compared to Arabidopsis,
only 49% of the rice genes had a homolog in Arabidop-
sis. While many of the unique sequences in rice may be
erroneous predictions, the BGI team [1] did show that
at least 15% of these are expressed. A similar attempt
to find Arabidopsis homologs for a set of maize genes
found matches for only 60–70% of the maize sequences
[5]. These genes may, therefore, define a subset that
differentiates monocots from dicots. The BGI group [1]
suggest these genes might have arisen from genome-
wide or large-scale segmental gene duplication(s) in
rice. The TMRI data [2] also support the view that there
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are multiple gene duplications in the rice genome 
relative to that of Arabidopsis, which is itself highly
duplicated [6].
Comparison of rice to Arabidopsis illustrates both
the power and pitfalls of analyzing highly divergent
genomes. On the one hand, the conservation found
between proteins indicates functional importance, and
the thousands of available homologs may be used to
refine mutation rate estimates. On the other hand, the
molecular mechanisms and microevolutionary forces
responsible for the observed differences are difficult
to discern because multiple changes are likely to have
occurred at the same region or site. Interesting as the
broad comparisons may be, evolution proceeds by
discrete events, which are much more likely to be
detected in close comparisons.
Take, for example, genome rearrangement. The
number of clear homologs from each genome should
allow the definition of shared ancestral chromosomal
blocks and the events that changed them. The BGI [1]
and TMRI [2] groups both came to the conclusion,
however, that the amount of duplication in the genomes,
and the extent of rearrangement, make attempts to
identify individual rearrangement events next to impos-
sible. The draft nature of their sequences undoubtedly
hampered this effort, but these results still effectively
extinguish hopes of a general monocot–dicot com-
parative framework. Even the rice–grass comparisons
may be difficult to interpret: the TMRI group [2] pro-
duced rice–maize, rice–barley, and rice–wheat com-
parative maps, and although conserved blocks are
visible, they appear to be substantially interrupted.
The availability of the two rice sequences in their
completed form, when all their chromosomes are
assembled, will thus allow an unprecedented view of
molecular mechanisms and microevolutionary forces
responsible for genome evolution. Instead of compar-
ing gene pools that have been diverging for close to
200 million years, such as those of Arabidopsis and
rice, whole-genome comparisons between subspecies
that have been evolving independently for a mere two
to three million years will be possible. Revealing com-
parisons can then be made between the intergenic
regions of the two sequences — regions that harbor
most of the sequence-level variation in the so-called
‘junk’ DNA [1]. This DNA is composed of multiple
copies of different repeated sequences [7], including
small autonomous sequences called transposons and
retrotransposons. By looking at rice subspecies, we
may better understand how these elements proliferate
and change within a genome.
The sequenced cultivars from these gene pools
represent thousands of years of directional selection
under cultivation. Crosses between the two gene
pools commonly result in the discovery of reproduc-
tive barriers [8,9]. Most often, these barriers are char-
acterized by deviations from Mendelian inheritance, as
manifested by a failure to recover or introgress alleles
from one of the parents, or by partial sterility of hybrids.
These sequences thus offer an unprecedented system
to study adaptation and reproductive isolation in the
speciation process. Studies designed to identify adap-
tive differences will now be able to compare the genes
involved. Sequence comparisons will also define the
number and extent of gene rearrangements, providing
clues to their causative mechanism(s). With these data
in hand, we will be able to see whether reproductive
isolating factors are genic, as predicted by Dobzhan-
sky [10] and Muller [11], or dependent on small chro-
mosomal rearrangements [12], or both. Simply put,
having this level of detail about an early stage of spe-
ciation should prove invaluable.
In the end, evolutionary biologists have a reason to
celebrate. Jurassic Park notwithstanding, most evolu-
tionary geneticists work by comparing contemporary
DNA sequences — and the more, the better. Plant evo-
lutionists, who have seen multiple animal and microbial
genomes sequenced, have finally received the boost
they need: two draft genomic sequences from closely
related subspecies. Used wisely, these two sequences
will not only allow rapid agricultural advances, but may
also answer questions regarding the nature of adaptive
differences, mechanisms of genome rearrangement,
and basis of reproductive isolation.
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